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This paper presents a design and implementation of 2*2 array and 4*4 array 
multiplier using proposed Two Phase Clocked Adiabatic Static CMOS logic 
(2PASCL) circuit. The proposed 2PASCL circuit is based on adiabatic 
energy recovery principle which consumes less power. The proposed 
2PASCL uses two sinusoidal power clocks which are 180? phase shifted with 
each other. The measurement result of 2*2 array proposed 2PASCL 
multiplier gives 80.16 % and 97.67 %power reduction relative to reported 
2PASCL and conventional CMOS logic and the measurement result of 4*4 
array proposed 2PASCL multiplier demonstrate 32.88 % and 82.02 %power 
reduction compared to reported 2PASCL and conventional CMOS logic. 
Another advantage of the proposed circuit is that it gives less power though 
the number of transistors in proposed and reported 2PASCL circuit is same. 
From the result we conclude that proposed 2PASCL technology is 
advantageous to application in low power digital systems, pacemakers and 
sensors. The circuits are simulated at 180nm technology mode. 
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1. INTRODUCTION 


Power reduction has now become a key concern for the design of portable and wireless devices. In 


the design of digital circuits which uses complementary metal oxide semiconductor, the power reduction can 
be achieved by scaling down the transistor threshold voltage in accordance with supply voltage [1]. It will 
impose limitation as reducing the threshold voltage below a certain limit will increase leakage current. 
Switching event in CMOS circuits is another cause of power dissipation which can be decrease by reducing 
the switching activity [2]. Power dissipation in CMOS circuits during charging and discharging of node 
capacitances is given by the 


E=CV2» (1) 


from the equation (1) it is apparent that energy can be reduced by reducing supply voltage and decreasing 
switching activity in CMOS circuits [3]-[4]. 

Various other techniques are available for low power reduction which includes reversible logic [5], 
GDI logic [6] and domino logic [7] at circuit level. But taking into account the limitations of power reduction 
in CMOS circuits. A novel approach called Adiabatic computing have been proposed [8],[9] which uses the 
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energy recovery principle. it uses time varying voltage supply instead of constant supply [10] as that of used 
in CMOS circuits. The varying supply voltage charge the circuit during specific phases and supplied charge 
is recovered during discharging event. The equation for the energy dissipation for Adiabatic logic is given as 


e (8 jen; : 


Where R is resistor in charging and discharging path, Cr is the load capacitance, Vdd is supply voltage, T is 
total time required for charging and discharging the node capacitance. By increasing the time T, energy can 
be reduced. For various low power applications many adiabatic logic circuits with different clocking scheme 
have been proposed and analyzed [8]-[9]. 

In this paper, we focused on Two Phase Clocked Adiabatic Static CMOS logic (2PASCL) circuit 
[11] because of its lower switching activity. We proposed improved structure for two phase clocked 
adiabatic static CMOS logic (2PASCL). power dissipation of the proposed 2PASCL is less compared to the 
reported one. It utilizes two sinusoidal power clock which are 180? phase shifted with each other. 

The rest of this paper is organized as follows. Section 2 describes proposed and reported 2PASCL 
structure. In section 3 we designed the half adder, full adder ,nand gate , 2*2 and 4*4 array multiplier using 
proposed logic style .Its simulation results and power dissipation is shown. As proposed logic gives less 
power dissipation, the comparative power dissipation is summarized in section 4. Section 5 includes the 
conclusion. 


2. PROPOSED AND REPORTED TWO PHASE CLOCKED ADIABATIC STATIC CMOS 
LOGIC (2PASCL) CIRCUIT 
2.1. Reported Two Phase Clocked Aadiabatic Static CMOS Logic (2PASCL) 

Two phase clocked adiabatic static CMOS logic [12]-[14] utilizes the principle of adiabatic 
switching in which power dissipation occurs through the threshold voltage and transistor resistance. Figure 1 
shows the structure of 2PASCL. The circuit uses two sinusoidal power clock which are 180° phase shifted to 
each other nodes. 
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Figure 1. Structure of 2PASCL 
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The operation is performed in two phases Evaluation and Hold phase. The charging path is provided 
by transistor P1 and discharging path is provided by transistor P2 and N1, N2. The expression for energy 
dissipation is given as 


E=E 


charging (P1) 


+ E pisen arging (P2) 


= USC + 0.5C, Vx Vp + 0.5C, Vonvar = Va NA 
= 0.5C, (V,, + VÆRA E: (Virvar ~~ Vn Wn } 


+E 


Discharging (N1,N2) 


Where Cr is the load capacitance, Vip and Vin are the threshold voltages of PMOS and NMOS 
transistor. Vclk and Vois: are sinusoidal supply voltages which are 180°phase shifted with each other and 
peak to peak voltage of 1.8v. Figure 2 shows waveform of 2PASCL inverter circuit. It gives output low when 
input is high and it passes the clock signal for input logic at low. The proposed structure tries to keep the 
output logic at high when input is low instead of passing the clock signal as in case of reported 2PASCL. 
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Figure 2. Simulation Waveform for 2PASCL Inverter 


2.2. Proposed Two Phase Clocked Aadiabatic Static CMOS Logic (2PASCL) 

The Proposed 2PASCL [15] structure is shown in Figure 3. The gate terminal of transistor N2 is 
connected to CLK and gate terminal of P2 is connected to CLKBAR. The operation of the circuit is 
performed in two phases i.e. Evaluation phase and Hold phase. 
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Figure 3. Structure of proposed 2PASCL 


Circuit operation: 

1. Evaluation phase: In Evaluation phase CLK goes high and CLKBAR goes low. When P1 transistor is on 
and output is at logic low then C is charged through P1 transistor and output reaches at logic high. When 
output is high, Output load capacitor discharges through transistor N1 and N2 causes the output at low 
level. 

2. Hold phase: In hold phase CLK goes low and CLKBAR goes high no transitions occur as both the 
transistor P2 and N2 will be off. Due to the hold phase, dynamic switching is reduced and hence energy 
dissipation is reduced. 

The Expression for the energy dissipation is given as 


E = E narging (PI) 


| 05C,V; +05C, Vava ~Va), 


tp 


+E 


Discharging (N1,N2) 


n 


= 0.5C,{V,, + Vonvar ~ Vn V. } 


Thus from the expression of energy dissipation itself it is clear that in the proposed structure energy 
dissipation through transistor P2 will not occur as in the reported structure. 

Figure 4 shows simulation waveform for proposed 2PASCL inverter at clock frequency of 100 Mhz 
and input signal frequency at 50 MHz. The proposed Inverter circuit saves 40.74% power over reported 
2PASCL and 88.71% power over conventional CMOS inverter at clock frequency of 100 MHz and input 
signal frequency of 50 MHz. 
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Figure 4. Simulation Waveform for proposed 2PASCL Inverter 


3. MULTIPLIER STRUCTURE 
First we designed the circuits which are required for multiplier structure such as NAND, half adder, 
full adder using both the logic style. 


3.1. Half Adder 

The design of half Adder using NAND gate is shown in Figure 5. A and B are the inputs and sum 
and carry are the output of Half Adder. The simulation waveform of half adder using proposed 2PASCL is 
shown in Figure 7. The proposed Half Adder circuit saves 65.92% power over reported 2PASCL and 93.49% 
power over conventional CMOS logic at clock frequency of 100MHz and input signal frequency of 50 MHz. 
Thus proposed 2PASCL Half adder shows improvement of 13% power conventional CMOS logic compared 
with reported 2PASCL. 
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Figure 5. Block diagram of Half Adder 
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Figure 7. Simulation Waveform for proposed 2PASCL Half Adder 
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3.2. Full adder 

The design of Full Adder is shown in Figure 8. Two half adders with addition of an OR gate to 
combine their carry output Full adder is designed. A, B and Cin are three inputs sum and carry are the output 
of Full adder circuit. The proposed Full Adder circuit saves 78.35% power over reported 2PASCL and 
88.63% power over conventional CMOS logic at clock frequency of 100MHz and input signal frequency of 
50 MHz. Thus proposed 2PASCL Full Adder shows improvement of 41.15% power conventional CMOS 
logic compared with reported 2PASCL. 


CLK|__>41#—BROLEABR CLKBAR 
id mcm n dX osa hor PRO PASCL2 
A CARRY} Â mi = 


B[ 43 "ES | | ou—À4  » CARRY 


CLK [_ Dao PASCL2 HA 


Ds Um 21 Ds M 
Figure 8. Block diagram of Full Adder Figure 9. Design of Full Adder using Proposed 
2PASCL 
FA PRO PASGL2 
v(CLKEAR GND) 
f ILL 
PRINT RI SI IP NTP PRT an 
0 10 F] 3 0 E] % 7 a E] w 
Time (ns) 
FA_PRO_PASCL2 
v(ClK GND) 
10 == 
a Ha 
0 0 3 3 0 E] $ 7 a E] 100 
Time (ns) 
FA PRO PASCL2 


5 
Time (ns) 
FA_PRO_PASCL2 


Time (ns) 
FA_PRO_PASCL2 


Time (ns) 
FA_PRO_PASCL2 


v(CARRY,GND) 


-1-1 CARRY 


Time (ns) 
FA_PRO_PASCL2 


Voltage (V) Voltage (V) Voltage (V) Voltage (V) Voltage (V) Voltage (V) Voltage (V) 


Time (ns) 


Figure 10. Simulation Waveform for proposed 2PASCL Full Adder 
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3.3. 2*2 Array Proposed 2PASCL Multiplier 

Multiplication is one of the basic arithmetic operation and multiplier is fundamental functional unit 
in most of the processors. Multiplier can be Array or parallel multiplier [16]-[17]. Both the type of multiplier 
possesses high execution speed but the array multiplier has regular structure and occupies less space 
compared with parallel multiplier. Figure 11 structure of array multiplier using half adder and AND gate. 
Multiplier is designed using proposed logic style shown in figure 12, reported logic and conventional 
logic.for 2*2 array multiplier inputs are a0,a1 and bO,b1 and p0,p1,p2,p3 are the outputs. For the Input 1111, 
output is 1001 which can be verified from the simulation results shown in Figure 13. 


ad : 
b 9^ po 
bo . i 
al > ry 
bi . | Hal Adder pi 
al ny) Half Adder a 
bi | Á p3 


Figure 11. Block diagram of 2*2 Array Multiplier 
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Figure 12. Design of 2*2 Array Multiplier using Proposed 2PASCL 
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Figure 13. Simulation Waveform for proposed 2PASCL 2*2 Array Multiplier 


3.4. 4*4 Array Proposed 2PASCL Multiplier 

As shown in Figure 14, the 4 4-bit array 2PASCL multiplier consists of 16 ANDs, six full adder 
logic circuits, and four half adder logic circuits. This 4*4 bit array multiplier [18] is designed using three 
logic style ie. CMOS logic, 2PASCL logic and Proposed 2PASCL logic. The proposed circuit 
implementation is shown in Figure 15 and Figure 16 demonstrates the simulation result of array multiplier. 
At the output load capacitance varying from 0.01pF to 0.1pF is set for pO to p7. The proper working of the 
circuit can be demonstrated from simulation result shown in Figure 16, however signal glitches will ocuur at 
p4. The circuit consists of same transistor size and W/L ratio 180nm/180nm i.e. 1.the supply voltage is 1.8v. 
and two sinusoidal clock signals are used which are 180? phase shifted with each other. 
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Figure 15. Design of 4*4 Array Multiplier using Proposed 2PASCL 
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Figure 16. Simulation Waveform for proposed 2PASCL 4*4 Array Multiplier 


The proposed 2PASCL 4*4 bit array multiplier gives 32.88% power reduction compared to report 
2PASCL multiplier and 82.02% reduction compared to conventional CMOS logic at clock frequency of 
100MHz and input signal frequency of 50 MHz. Thus proposed multiplier shows improvement of 8.81% 
over conventional CMOS logic compared with reported 2PASCL. 

The proposed 4x4-bit array 2PASCL multiplier only shows a good logic functionality of up to 200 
MHz transition frequency. We observe that for transition frequency of more than 200 MHz some signal 
degradations will occur. This is due to the charging time T which is much slower than conventional CMOS. 
T is also proportional to RC; i.e. the longer the path, the larger T is needed. These input frequencies are 
adequate for the applications such as low power digital devices operated at low frequencies, such as radio- 
frequency identifications (RFIDs), smart cards, and sensors. 


4. RESULT AND ANALYSIS 

The comparative power analysis has been done for the half adder, full adder, 2*2 bit array multiplier 
and 4*4 bit array multiplier for the input frequency of 50MHz and clock signal frequency of 100MHz for the 
signal transition from 1ns to 100ns. The Table 1 shows comparative power analysis of the circuits 
implemented using the three logic style i.e. CMOS logic, 2PASCL logic and proposed 2PASCL logic and its 
graphical analysis is shown in Figure 17. 
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Table 1. Comparative Power Analysis 


Device Power dissipation(uW) 
CMOS 2PASCL[14] Proposed 2PASCL 
AND Gate 0.849 0.409 0.134 
HALF ADDER 63.5 12.12 4.13 
FULL ADDER 72.59 38.12 8.25 
2*2 MULTIPLIER 45.32 5.416 1.054 
4*4 MULTIPLIER 381.66 102.22 68.60 
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Figure 17. Comparative power analysis at clock frequency of 100MHz 


5. CONCLUSION 

Thus we designed and simulated a 4x4-bit array multiplier using three logic styles. The proposed 
logic designs are compared with the reported one and conventional CMOS logic style. The proposed 
2PASCL 2*2 bit multiplier is 80.53% and 97.67% power efficient over reported 2PASCL multiplier and 
CMOS multiplier. The reported 2*2 PASCL multiplier is 88.04% power efficient compared to CMOS 
multiplier. Thus the proposed structure has achieved efficiency of 9.63%. The proposed 2PASCL 4*4 bit 
multiplier is 32.88% and 82.02% power efficient over reported 2PASCL multiplier and CMOS multiplier. 
The reported 4*4 PASCL multiplier is 73.21% power efficient compared to CMOS logic multiplier. Thus the 
proposed structure has achieved efficiency of 8.9996. Thus power consumption in the 2PASCL multiplier is 
considerably less than that in a CMOS. We believe that the proposed adiabatic logic circuit is advantageous 
for ultra low energy computing applications. As for our future work, we will further evaluate the cause of the 
signal glitches in 2PASCL. 
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